Objectives: To determine the viral epidemiology and clinical characteristics of patients with and without clinically apparent respiratory tract infection. Methods: This prospective cohort study was conducted during the 2018 winter influenza season. Adult patients with fever/respiratory symptoms (fever/RS group) were age-and sex-matched with patients without fever/RS (non-fever/RS group) in a 1:1 ratio. Respiratory viruses were tested using NxTAG™ Respiratory Pathogen Panel IVD, a commercially-available multiplex PCR panel.
Introduction
Respiratory viruses are the leading cause of respiratory tract infection [1, 2] . Influenza virus and respiratory syncytial virus have been associated with high morbidity and mortality [3e5]. Rhinovirus has been found to be the most frequently detected respiratory virus among patients with community-acquired pneumonia, and has been associated with significant morbidity and mortality [1,6e8] . Adenovirus and parainfluenza virus (PIV) were reported to have the highest hospitalizationefatality ratio [9] .
Defining of the burden of respiratory viruses is one of the agendas in the WHO Battle against Respiratory Viruses (BRaVe) initiative [10] . Accurate data on the burden of respiratory virus infection is critical for patient management, infection control measures and public health policies. Current clinical guidelines suggest that respiratory virus should be tested in patients with respiratory symptoms, or those with myocarditis or encephalitis [2] . As a result, epidemiological data on respiratory virus infection mostly rely on studies analysing patients with clinical evidence of respiratory tract infection [1,9,11e15 ]. However, non-respiratory symptoms and extrapulmonary complications are common among patients with respiratory virus infection [15e18] . Renal failure is particularly common among patients with Middle East respiratory syndrome coronavirus infection [19, 20] . Myocardial infarction and stroke can be triggered by respiratory virus infection [12, 14, 21] . Hence, epidemiological studies excluding patients without symptoms or signs of respiratory tract infection may underestimate the true burden of respiratory virus infection.
Here, our objective was to reveal the hidden burden of respiratory virus infection among patients requiring hospitalization without clinical suspicion of respiratory virus infection. We explored the differences in the incidence of different respiratory viruses between patients with or without clinical suspicion of respiratory tract infection. We analysed the clinical features associated with the detection of respiratory viruses among patients without fever or respiratory symptoms. To reduce patient discomfort, we collected saliva specimens for respiratory virus testing. We and others have demonstrated that there is a high concordance (>90%) between saliva and nasopharyngeal specimens in the detection of respiratory viruses [22e24].
Methods

Study setting and design
This was a prospective cohort study conducted in Queen Mary Hospital of Hong Kong, an acute-care university-affiliated teaching hospital with 1700 beds. All adult patients admitted to the acute medical wards from 9 January to 12 February, 2018 were screened for eligibility. Inclusion criteria were age !18 years, admission to any hospitals for <24 hours, competent and agreed to provide written informed consent. Patients were excluded if they could not provide adequate saliva. Written informed consent was obtained from all recruited patients. Saliva specimens were collected from all eligible patients.
Eligible patients with fever !38.0 C or any respiratory symptoms (RS) upon admission were classified as the fever/RS group, whereas those without fever or respiratory symptoms in the preceding 7 days before hospitalization were classified as non-fever/RS group. Respiratory symptoms included runny nose, sore throat, cough (including haemoptysis), sputum and shortness of breath. A saliva specimen was collected from all eligible patients. Each patient in the fever/RS group was matched with an age-matched (within 5 years) and sex-matched patient in the non-fever/RS group in a 1:1 ratio. All unmatched patients were excluded from further testing.
Saliva specimens were tested for respiratory viruses using NxTAG™ Respiratory Pathogen Panel IVD (Luminex, Austin, TX, USA) as described previously [22, 25] . Differentiation of rhinovirus and enterovirus was performed by sequence analysis of the VP4/ VP2 gene region.
Data on fever or respiratory symptoms were collected by research nurses using a standardized questionnaire. Final diagnosis, outcome and laboratory investigation results were obtained from the Clinical Management System. This study was approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (UW 13-265). This study is reported using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [26] . Please refer to Supplementary material (Appendix S1)for details on respiratory virus testing and sequencing, and specimen collection.
Statistical analysis
All statistical analysis was performed using SPSS 23.0. ManneWhitney U test and Fisher's exact test were used for the 
Results
Patient characteristics
A total of 385 patients were included in the study, and 214 patients were included for respiratory virus testing in their saliva and final analysis, including 107 patients in the fever/RS group and 107 age-and sex-matched patients in the non-fever/RS group (Table 1 and Fig. 1 ). The median age was 67.5 years (range 18e93 years), and 42.1% (90/214) were female. There was no significant difference in the demographics and co-morbidities between the fever/RS group and the non-fever/RS group, except that chronic lung disease was more common among the fever/RS group than the non-fever/ RS group (25.2% (27/107) versus 6.5% (7/107); p < 0.001). The number of patients in each week was not statistically different between the fever/RS group and the non-fever/RS group (p 0.489) (see Supplementary material, Table S1 ).
Among the fever/RS group, the most common respiratory symptom was cough (61.7%; 66/107) ( Table 1 ). Sixteen patients (15.0%) only had fever but no respiratory symptoms. Among patients in the non-fever/RS group, the most common symptom was chest discomfort (27.1%; 29/107), followed by dizziness (20.6%; 22/ 107) and gastrointestinal symptoms (18.7%; 20/107) ( Table 1) . Three patients in the non-fever/RS group developed fever (n ¼ 2) or respiratory symptoms (n ¼ 1) during hospitalization after collection of saliva. There was no significant difference in the frequency of non-respiratory symptoms between the fever/RS group and the non-fever/RS group, except that palpitation was significantly more common in the non-fever/RS group (17.8% (19/107) versus 7.5% (8/ 107); p 0.038). Significantly more patients in the fever/RS group required oxygen supplementation when compared with those in the non-fever/RS group (25.2% (27/107) versus 3.7% (4/107); p < 0.001). Oseltamivir was only given empirically in the fever/RS group, not in the non-fever/RS group.
Respiratory virus detection by multiplex molecular assay
Respiratory viruses were detected in 34.1% (73/214) of patients (Table 2 ; and see Supplementary material, Table S2 ). The respiratory virus detection rate in the fever/RS group (44.9%; 48/107) was significantly higher than that in the non-fever/RS group (23.4%; 25/ 107) (p 0.001). For the 16 patients with fever only in the fever/RS group, seven (43.8%) had respiratory virus detected. Co-infection with two or more respiratory viruses was detected in 17 patients, including 10.3% (11/107) in the fever/RS group and 5.6% (6/107) in the non-fever/RS group, but the difference was not statistically significant (p 0.312). There was no significant difference in the proportion of patients with co-infection among different respiratory viruses (see Supplementary material, Fig. S1 ).
Overall, the most frequently detected respiratory viruses were adenovirus (7.9%; 17/214) and influenza B virus (7.9%; 17/214) ( Table 2 , and see Supplementary material, Fig. S1 ). For the fever/RS group, the most frequently detected respiratory viruses were influenza B virus (15.0%; 16/107) and enterovirus/rhinovirus (12.1%; 13/107) ( Table 2 ). For the non-fever/RS group, the most frequently detected viruses were adenovirus (10.3%; 11/107) and PIV-4B (9.3%; 10/107). The detection rates of influenza B virus (15.0% (16/107) versus 0.9% (1/107), p < 0.001), enterovirus/rhinovirus (12.1% (13/ 107) versus 2.8% (3/107); p 0.017) and coronaviruses (5.6% (6/107) versus 0% (0/107); p 0.029) were significantly higher in the fever/RS group than in the non-fever/RS group (Fig. 2) . Adenovirus (10.3% (11/107) versus 5.6% (6/107); p 0.312) and PIV-4B (9.3% (10/107) versus 2.8% (3/107); p 0.082) were more common in the non-fever/ RS group than in the fever/RS group, but not reaching statistical significance.
We have further compared patients with and without virus detection among patients in the non-fever/RS group (Table 3) . For co-morbidities, there were no significant differences between patients with respiratory virus detected than those without respiratory virus detected. None of the patients in the non-fever/RS group with respiratory virus detected had new chest radiograph changes suggestive of pneumonia. Chest discomfort was significantly more common among patients with respiratory virus detected than those without respiratory virus detected (44% (11/ 25) versus 22% (18/82); p 0.040). Adenovirus (20.7%) and PIV-4B Table S3 ).
Discussion
Principal findings
This study showed that respiratory viruses could be frequently detected among acutely hospitalized patients without fever or respiratory symptoms (23.4%), although less frequently than in patients with fever or respiratory symptoms (44.9%). For the fever/ RS group, influenza B virus and enterovirus/rhinovirus were the most commonly identified viruses, which was similar to the surveillance data from the Public Health Laboratory Service in Hong Kong during the same period (see Supplementary material, Fig. S2 ). However, for the non-fever/RS group, adenovirus and PIV-4B were the most frequently detected viruses. Notably, adenovirus and PIV-4B were more common among patients in the non-fever/RS group than those in the fever/RS group. Among patients in the non-fever/ RS group, chest discomfort was more frequently reported by patients with respiratory virus detected than those without respiratory virus detected.
Comparison with other studies
Previous studies have reported that respiratory symptoms predominated in patients with symptomatic infection, whereas non-respiratory symptoms were only present in a minority of patients [7, 15] . Many retrospective studies have demonstrated an association between respiratory virus infection and extrapulmonary complications [12, 14, 21] . However, because of the bias in testing patients with fever or respiratory symptoms, these reported results may not be accurate. Our results suggest that patients without respiratory symptoms should be enrolled in future studies on the role of respiratory viruses in extrapulmonary complications. Adenovirus and PIV-4B were more frequently detected in the non-fever/RS group than in the fever/RS group. Adenovirus and PIV are generally perceived to be less important than influenza virus or respiratory syncytial virus because of the low incidence. However, a retrospective study showed that adenovirus and PIV had the highest hospitalizationefatality rate among different respiratory viruses [9] . It is possible that these respiratory viruses are transient, colonizing the patients' upper respiratory tract but not actually causing the symptoms or disease. However, although asymptomatic infections due to adenovirus and PIV are often found in children [11, 27, 28] , adenovirus and PIV are rarely detected among healthy asymptomatic adults [11, 29] .
This study was designed to minimize potential bias. First, we have recorded the respiratory symptom data from study participants using a standardized questionnaire. This is important because mild symptoms may not be actively reported by patients. Second, the fever/RS group and non-fever/RS group were matched for age and sex. The matching of age is particularly important because previous studies have shown that the proportion of patients with symptoms varies according to age [28] . Another unique feature in this study is that we have included patients with fever but without respiratory symptoms in the fever/RS group because many clinicians test respiratory viruses in febrile patients without respiratory symptoms.
In the current study, patients in the non-fever/RS group were admitted to hospital for acute non-respiratory symptoms. Hence, our patient cohort differs from studies involving asymptomatic adult individuals who were not clinically affected by the respiratory viruses [11, 27, 29] . Further studies are required to determine whether there is a causal relationship between the identified respiratory virus and the symptoms among patients in the fever/RS group.
This study was conducted during the influenza B epidemic. As expected, influenza B virus was the most commonly detected respiratory virus among the fever/RS group. Interestingly, influenza B virus was only found in one patient in the non-fever/RS group. The ratio in the detection rate of influenza B virus in the fever/RS group and non-fever/RS group was greatest among all viruses. Our results suggest that patients with influenza B virus infection are more likely to present with respiratory symptoms than those with other respiratory virus infections.
Limitations of this study
First, we only recruited patients from acute adult medical wards. Therefore, adult patients hospitalized with surgical conditions or paediatric patients would not be included. Second, we enrolled patients within 24 hours of hospitalization. The role of respiratory viruses for nosocomial complications should be further explored. Third, this study was conducted over a 1-month period during the influenza B winter season, and therefore the respiratory viruses detected in this study are not representative for the entire year. A long-term study should be conducted to capture the peak seasons of other respiratory viruses. Fourth, some patients in the non-fever/ RS group may have prolonged viral shedding from a previous respiratory illness that occurred more than 7 days before admission. Finally, we studied acutely hospitalized patients, who would have more severe symptoms or complications when compared with patients seeking help in the community. Therefore, further studies should be performed at general practice in the community.
Conclusions and implications for clinical practice and research studies
This study showed that respiratory viruses, especially noninfluenza viruses, can be detected in a substantial proportion of acutely hospitalized adult patients without clinically apparent respiratory tract infection. For future studies, the inclusion of hospitalized patients without clinically apparent respiratory tract infection will lead to a better understanding of the non-respiratory symptomatology and extrapulmonary complications of respiratory viruses.
The high rate of detection of respiratory viruses among the nonfever/RS group may be important for infection control and clinical management. Respiratory viruses are responsible for many nosocomial outbreaks. Patients without clinical evidence of respiratory illness may represent an 'occult' source of respiratory viruses for nosocomial outbreaks, and therefore these patients might have to be included in outbreak investigations. Furthermore, the detection of respiratory viruses in these patients may affect antiviral treatment decisions, especially when novel antivirals against noninfluenza viruses become available [6, 30] .
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